The isolation, from E. coli B, and partial purification of a purine polyribonucleotide synthetase having several unusual properties is described. The enzyme, which seems-to be under strict regulation by several nucleoside triphosphates, requires, after removal of internal primer activity, a primer, such as poly(A), poly(U), or a suitable RNA, but acts without a template. It uses purine ribonucleoside triphosphates as precursors. The uptake of adenylic acid, when ATP is offered alone, is highly stimulated by the presence of GTP, in which case both nucleotides are incorporated into mixed polymers; but GTP as the sole precursor is not utilized. CTP has a strongly inhibitory effect. Other unusual features are the high salt concentration, 0.6 M KCI, at which the enzyme is optimally active and evidence of the existence of a relatively heat-stable protein functioning as an activation factor.
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We report here the preliminary characterization of an enzyme isolated from extracts of Escherichia coli B that has a few rather unusual properties. The enzyme, which may be described as a purine polyribonucleotide synthetase, is not dependent upon a template, but requires poly(A) or poly(U) or a suitable RNA as a primer. At the intermediate stage of purification at which the enzyme was tested here, corresponding to a 60-fold enrichment, it was optimally active in the presence of a high salt concentration (0.5-0.6 M KCI) and seemed to be under strict regulation by certain nucleoside triphosphates.
MATERIALS AND METHODS
Primers. The synthetic ribohomopolymers poly(A), poly(G), poly(C), and poly(U) were furnished by Miles Laboratories. Poly(dA), synthesized enzymically (1), was kindly provided by Dr. J. D. Karkas, as were preparations of 16S RNA and 23S RNA of Bacillus subtilis. The specimen of 18S ribosomal RNA from rabbit reticulocytes was a gift of Dr. M. Terada. Calf-thymus DNA was prepared by the customary procedure (2) .
Enzyme Preparations used during this work include: RNA polymerase (EC 2.7.7.6), which was the preparation used previously (3); polynucleotide phosphorylase from E. coli (EC 2.7.7.8), for which we are grateful to Dr. P. Srinivasan; and deoxyribonuclease I (EC 3.1.4.5), purified by electrophoresis and free of ribonuclease, which was supplied by Worthington Biochem. Corp. t The nuclease activity is destroyed completely by heating in buffer A for 10 min at 85°, without the activation factor being affected.
tions of the eluates (0.5 ml) were then applied to paper disks, which were dried and counted. After incubation (30 min, 35°) the reaction was stopped with 2 ml of 10% trichloroacetic acid. The mixture was filtered through a membrane filter that was washed and counted in the usual way. In control experiments enzyme was omitted. The nuclease unit is defined as the amount of enzyme rendering 1 nmol of nucleotide acid-soluble under the defined conditions.
PREPARATION OF SYNTHETASE
Cells of E. coli B, collected at the 3/4 log phase (Grain Processing Co., Muscatine, Iowa), were lyophilized for 48 hr. All subsequent operations were performed at 40, unless noted otherwise. After 7 g of cells were ground with 35 g of alumina for 10 min, the material was stirred vigorously for 30 min in 110 ml of buffer A and the mixture was centrifuged (35,000 X g, 1 hr). The supernatant fluid was treated with 5 mg of deoxyribonuclease I (15 min, 350) and then again subjected to centrifugation (100,000 X g, 6 hr). The supernatant liquid that was drawn off carefully represents the crude extract (fraction 1 in Table 1 ).
This solution was adjusted to 0.2 M KCl by addition of solid salt and applied to a column (2.5 X 20 cm) of DEAEcellulose, previously equilibrated with 300 ml of buffer B. Elution with buffer B was performed at a flow rate of 70 ml/hr, with the collection of portions of 4.5 ml. The elution profile is shown in Fig. 1 . All eluate fractions having a 280/260 absorbance ratio equaling, or higher than, 0.65 were combined (fraction 2 in Table 1 ).
The next step involved fractionation with ammonium sulfate, which was added to the solution in solid form to effect a 35% saturation. The mixture was stirred for 1 hr before centrifugation (35,000 X g, 1 hr), the sediment (only 3% of the activity) was discarded, and the enzyme was precipitated from the supernatant liquid by bringing it to 50% (NH4)2SO4 saturation. The mixture was stirred for 1 hr and centrifuged (100,000 X g, 1 hr), and the sediment was taken up in buffer C. This solution had a 280/260 absorbance quotient of 1.47 (fraction 3, Table 1 ). Further addition of (NH4)2SO4 to the supernatant layer of fraction 3 to 80% saturation produced a protein precipitate which increased the enzyme activity of fraction 3 by 20%; this fraction contained 80% of the nuclease activity of the crude extract.
The solution of fraction 3 was passed through a column (2 X 30 cm) of Sephadex G-50 previously equilibrated with buffer D. All protein-containing fractions having an absorbance (at 280 nm) of 0.1 or more were combined and put on a column (2 X 5 cm) that had been packed with hydroxylapatite (under a pressure of 3 lb/inch2) and equilibrated with 200 ml of buffer D. Fractions of 7.5 ml were collected at a flow rate of 20 ml/hr; those with an absorbance (at 280 nm) of 0.3 or more were combined (fraction 4 in Table 1 The experiments were performed under standard assay conditions, with each of the specified nucleoside triphosphates present in 0.73 mM. In each determination one of the purine precursors was labeled, either with [14C]ATP (specific activity 1690 cpm/ nmol) or with [3H]GTP (specific activity 1280 cpm/nmol).
The slow addition of solid ammonium sulfate to fraction 4 to achieve a saturation of 45% [disregarding the (NH4)2SO4 content of buffer D] was followed by stirring for 1 hr and centrifugation (35,000 X g, 30 min). The suspension of the sediment in 15 ml of buffer D adjusted to 45% saturation with (NH4)2SO4 was stirred for 1 hr and again centrifuged (35,000 X g, 1 hr). The sediment taken up in buffer E represents fraction 5 in Table 1 . It had a 280/260 absorbance ratio of 1.72 and was stored at 4°. The supernatant fluids from the last two centrifugations were combined and brought to 50% saturation with (NH4)2SO4. The mixture was stirred and centrifuged (fraction 5a), and the supernatant was adjusted to 80% saturation and again stirred and centrifuged (fraction 5b). Stirring was for 1 hr, centrifugation for 30 min at 35,000 X g. Each sediment was taken up in 1.5 ml of buffer E.
It should be noted that the synthetase activity of fraction 5 is doubled in the presence of either the preparation pre- cipitated at 45-50% (NH4)2SO4 saturation, which in itself has also some synthetase activity, or the material coming down at 50-80% saturation, which itself has no synthetase activity. We shall refer provisionally to the latter as "activation factor." PROPERTIES Enzyme Preparations Used. In the subsequent experiments either fraction 4 (Table 1) , after concentration by precipitation at 80% saturation with ammonium sulfate, was used or fraction 5 fully supplemented with "activation factor" (see Table 1 ).
Incorporation of Purie Ribonucleotides. In the presence of poly(A) as primer and with ATP as the sole precursor, adenylic acid is incorporated (Fig. 2a) . No The experiments were performed under standard assay conditions, with 40 ,ug of primer in each assay. For additional information, compare legend of Table 2 . tides are added to the primer. This stimulation is shown in Fig. 2b for a constant GTP concentration and in Fig. 2c , for a constant ATP concentration. The uptake curves have a sigmoidal character. With an increasing ATP and a constant GTP concentration (Fig. 2b) , the highest incorporation of guanylic acid takes place with an ATP/GTP ratio of 1, whereas that of adenylic acid occurs when this ratio is about 2.4. When these conditions are reversed-constant ATP, rising GTP concentration (Fig. 2c) -ATP utilization reaches its maximum at a GTP/ATP ratio of about 0.6, that of GTP again when this ratio is 1. Under these conditions, it is evident that higher amounts of GTP have a strong inhibiting effect on product formation.
Effect of Pyrimidine Ribonucleotides. The results summarized in Table 2 show that uridine triphosphate has little effect on the incorporation of adenylic acid (Exp. 2) or on that of adenylic and guanylic acids when both precursors are present (Exp. 8). This is also true of other purine: pyrimidine ratios than those observed in Table 2 . Cytidine triphosphate, however, has a strongly inhibiting effect on the uptake of purine nucleotides (Exps. 3, 9, and 10). Inhibition by different concentrations of CTP of the simultaneous uptake of ATP and GTP is illustrated in Fig. 3 . The effect on systems containing only ATP is slightly less pronounced.
Neither purine nor pyrimidine deoxyriboside triphosphates are utilized. A slight incorporation of uridine triphosphate may be due to another enzyme.
Primer Specificity. Beginning with fraction 4 (Table 1) , the enzyme preparations were free of internal primer (see below) and required the presence of a priming polymer. This is shown in Table 3 . Poly(A) was the most effective primer, followed by poly(U). In the presence of both ATP and GTP, neither poly(G) nor poly(C) supported incorporation; the latter polymer was, however, quite effective when only ATP was supplied. Ribosomal RNA preparations were quite active as primers, deoxypolynucleotides were not. When two poly- (G)], were used together, no inhibition of enzyme activity was observed. The saturation curve, under standard assay conditions, for poly(A) showed that 42 ,ug of this polymer produced saturation, whereas poly(C) failed to stimulate enzymic uptake of precursors even at twice that concentration.
Other Properties. Fig. 4 illustrates the time dependence of the simultaneous uptake of adenylic and guanylic acids under standard conditions. Incorporation is linear up to 40 min, and reaches a maximum around 80 min. The enzyme requires Mg ions, 3.3 mM being optimal; 1 mM Mn ions also activate, but less efficiently. The enzymic activity is stimulated by high salt concentrations; maximum incorporation is recorded with 0.6 M KCl (Fig. 5 ). Under these conditions other enzymes, such as RNA polymerase or polynucleotide phosphorylase, do not act.
Removal ofInternal Primer and Evidence of Activation Factor. The crude extract (fraction 1 in Table 1 ) exhibits a high degree of internal primer activity; addition of poly(A) enhances the incorporation of purine nucleotides only by 20%. During the fractionation this internal primer-or another synthetase not requiring an external primer-is removed, mostly in the step using hydroxylapatite; fractions 4 and 5 are inactive in the absence of poly(A). The evidence of the existence of a relatively heat-stable, nondialyzable activation factor, in which fraction 5b is rich, has been mentioned. This activation is not due to a nuclease effect. t Nature of Product. With 9S poly(A) as the primer, the radioactive product synthesized by the enzyme corresponded to about 10 S by sucrose gradient analysis. The figures in Tables  2 and 3 indicate that the product made in the presence of equimolar amounts of both purine precursors contains, on the average, about 60% more guanylic than adenylic acid. In order to decide whether both purine nucleotides were built into the same chain or whether poly(A) and poly(G) runs were made independently, experiments with [a-32P]GTP were performed. The results demonstrated that the enzymic product consisted of mixed polymers that contained adjacent adenylic and guanylic acid moieties, since the a-phosphate on the 5'-hydroxyl of GTP was, on alkaline hydrolysis, transferred to the 2'-and 3'-hydroxyls of adenylic acid. In a product t Occasionally enzyme preparations were encountered that on chromatography on hydroxylapatite dissociated into an apoenzyme and an activator fraction that displayed activity only when assayed together. synthesized from an ATP/GTP precursor ratio of 1.0, 46% of the a-phosphate of the incorporated guanylic acid was transferred to, and therefore bordered on, adenylic acid; with an ATP/GTP ratio of 1.4, the corresponding value was 70%; and with an ATP/GTP ratio of 1.8 it was 64%. As concerns the composition of these preparations, reference may be made to Fig. 2b .
CONCLUDING REMARKS
This is a preliminary communication; many questions remain to be answered, and we are actively engaged in resolving some of those. Are all the activities described here attributable to one enzyme? What is the role of the activation factor? What is the biological meaning of the peculiar specificity of the enzyme with respect to the primers and the nucleoside triphosphates used or rejected? We hope that some of the answers will be available soon. We have encountered a similar enzymic activity in Bacilus megaterium.
We cannot state why a cell, such as E. coli, contains several enzymes that synthesize either homo-or heteropolymers of ribonucleotides without the direction of a template. Enzymes of this type have been seen repeatedly (4-7), but it is too early to discuss their functions, though some would appear fairly obvious.
